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(54) SEMICONDUCTOR MEMORY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To test a plurality of 
memories using a single tester having a data decision 
circuit by incorporating a read/write operation test 
mechanism for comparing an expected value data with a 
read out data and outputting the comparison results 
SOLUTION: A DRAM 100 comprises a read out circuit 
10, a comparison circuit 11. an expected value circuit 12 
an output buffer 13. a comparison results holding circuit ' 
14. and a write circuit 15. The circuit 12 holds an 
expected value provided from a DO pin connected with a 
tester having a single signal driver and a data decision 
circuit. The circuit 1 1 compares the data read out from 
the circuit 10 with an expected value held in the circuit 
12 and outputs the comparison results to the DO pin 
through the butter 13 after holding in the circuit 14. This 
circuitry realizes a low cost test by connecting the DO 
pins of a plurality of chips M 100 in parallel with a tester 
having a single data decision circuit 
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«K»*l*L*>S%LTl>/j:i,>iJS, IIIRlcttDRAM^.y 
0 0(7)/<-RASf>, /^-CASfi^, ^-S-o 

Jfe wft^iSr ^ X. 2, » Sr W t T I ^ 
10 0 5 2] <B-l. f'-C^'/n >s-f^ ia7*JJ;0t 

la 8 Tjt^^ <- R A S ft^O-t)-^ ^ ;H D R A 

e}«?}ftxl±, ^<-RASm#0 «H" «L," -x^^ 

Ikicjfefc'or, -'^•-CASft-^aaiot/s'-wEft-tSr 

"H» -L- \Z.mt^^. r KWXl^^A<0>OiS 
5rVcc+3 I Vthp m± (ViHPttPHMOSFETro 
Kffi) /^-RASmf-*5 "H" 

"L" t/ioT9';i^h*-K^<oejt)lft^SrfT9. 

(0 0 5 31 ^-^ K'vCD^Oiftx.flif^iJrlifcSiW 

iJ'GlS, G19, G2 0tCj:5iiif^Ffl5>/^»tNOR 
^-|-G2 50A;^;}J "H" lc/j;<5. iSoT, 
^'Gis, G19. G2 0KJ:5Sjyii^Bjajgi8^5i 

-ei4NOR'>'-hG2 Sffl;^, 1-''j:*P^y-KN2l± 
"H" T-fcS. i--c, ^^-CASfI^t}J:0!x<-WE 
ft^fl "L" Tfc5<0-r, ^'W-t}'G2 l«J:tJ«G2 

(0 0 5 41 T K U-;^ fVA<0>omfil:iiVce + 

3 I Vthp I «±«(0-C. E^JtCfei^StvfcPajMOS 
FETQ19, Q20, Q2lAJ^iiLT, y-KNl 
WSffi^S -H» bti=b, ^-^X. NAND^-hG2 6 

-H- tfih. NANOy-h 

G2 70ttl;/3tt "H" Xhi, 

(005 51 rrr-. NAND'&'-1>2 8*5J;0(G2 9 

J:oT-fey h^tix. NANDy-h2 9<om;/3. "t/i*? 
*>'<-TEST<i^l4 "L" tfii. ^>*-TEST<I^ 
545 "L" \Z.tiZb. ^<-CASft#*5 "L" Offlra ft 
^« 2(4 "H" irZ/S. 

(005 61 <B-2. ■!^'^' ^'/U2>ft»Cy<-RAS<f 

tt, ffrKu;^ (A<o>~A<i2» , jorKux {a<o> 
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~A<I2» -CS»?$lX2,p'^y-feyKc:, DQf^^lCHJJm 
100 5 7] <B-3. f-'<^'yU3>x>--RAS«-^0 

e'yA<0>~A<12>wm«:i4 "L" i/j:oTV>5, * 

fc. ^^-WEft^li "H" tC/ioTgJJSftaLf-.^-^'/UT- 

Hi. 

[00 581 lyomM {\/omm:uy<-i/o 

1 0 WHfittiiSD Ft?Jt«$nT, IK;^ta Ur-^' D 

"H" /iO-C. gSi;^^aiU*-Ci'/l'-Cfc6;45. ^^-TES 
Tft^li -L" ^<DV. a5t^-t-OEMfI#«4|HllS 
GCroNORy-hG3 20Ayj«Z)loK:i4 "H° 

20aj;^tt "L" tf£*). NAND^^-hG3 
5(7>m;fjtt «H" t/fcorOEM^^tt: "L" kfiZ. 
[0 0 5 9] OEMfSf-iS -L» -CfcHtt, @2lC^i- 
£il;^J/<y7T 1 3(DNANDy-hG4*3j:0!G5roai 
*tt;ffll<OA;**S<«It?*>oTfc "H" {C/jtS. ^t-LT, N 
SIMOSFETQI l*3<tt;Ql 2 W^- hSttJCtt-J: 
tl-e*W ^'''^-^'G 243j;tfG 3 LTN AND-y- 
hG4tJ.tOtG5WW**S-^X.?)H5<D-C, NUMOS 

(0 0 6 01 tSoT, i^-Y:?/!' 3 (Ct}V%r 14x^^8 0 
*»f>Ri5tHJL7'— ^'<0«fifftD e SrDQ f v-Sr^hLTD 

1006 1 J «i<#tt»J^ElKl 2tt^'V/^-irG6fcJ; 
0«G7t?«|^$ix57y^|ElKSr<i;t-CS39, DQl^v 

Cfi!@KSl Ur4-^t,ix, SE^fflUHKl 0;J»e.ffi**h, 
(0 0 6 2] iir-. JM^ttDe^J "H" iCJtLT, 

"H" btii)„ LA>L, ''<C/i/e>A>(011HT^8l,f^^tfc- 

10 0 6 31 ttUf^^D 1 14. 0 3 IC*-f-H:«ie*«}f 
lalK 1 4 fc^xe,H5a>\ Itttifem^flEigs 1 4 <OA;^ 
SSKttNaMOSFETQl 4aSga:itf>*x-CV^5. 
MOSFETQl 4coy-h«i|::tt, x<_oEffl43-*5 

"L' IC^ofc^lC, 04IC^-rE3flJ(cgg$ttfcY> 
^<-^G3 7, G3 8, G3 9(Cj;5gJiSi^(a^>fc-,t jo 
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"H° lc:/j;5ft^,j4;5S^xLp5H5, 
[0 0 6 41 JtK^^D t»4m^«4iS "H" ©WffllC 
H:|S!«g*(««pI3lgl 4(0-r>'/<-^'Gl 4*5J:t/G 1 5 

:^ (FA I Lff^) (1, t;«; h*-KlcAofc^, 
tm "H" lC/j:51t^0 KC^oTNSMOSFETQ 

/O (0065j<B-4. ■y-'l'i'/U4>f--f ^'/U4|4, x 

f>A<0>ro®(fi:«rVcc+3 I Vthp I &.±[z.-r^t. m 
A\Z7fi-t-v-7. f'»WlHl«8TC»C*5V^Ty-KNlJ4 
"H" ir/ft). NANDy-hG2 70ttl;^«:. yWR 
ASfi^as "L" ti^^kLfc^i»»e>-l'W^-^'G1.8. 

G19, G2 0K:J:5iiJii^rai>^fjt "L" i 

or, NANDy-hG2 8*3j;0!G2 9-e«^$tl5 

20 TEST<I-§-(4 "H" i/jiO, «^ « 3 tt-C G 
18. Gi 9. G2 0tJ:J:saiE^W»«rit "H" t/j: 
5. 

(0 0 6 61 T-;^ h^-K^SW'l' (S7*}J;0:|g8tC*i 
ofc©^. 5fefcKeqLtJ:?lcFA I L«^I4 "H" Id 
3 Ji^-fltlllfMSfiJJf UK 1 4 <DNl!MO S F E T Q 1 

6*3j;t;fQi 7as5i|a-f5rt(t<t5. cir-e. umu 

OSFETQl 6*5j;t;!Ql 7(Ch7>'J?;5^^'f--l'X<0 

^F l;S5S»f^?tv5o -fit. NSMOSFETQ 1 6 
KUW >'mffi*»?>-Y w^-^fG 1 6lJ:;)»ltT«]SK-t- 
^eto*). teim^SD t Srx;^ Hfe^ft^rfciGOOD 

'fS. iSoT. H:«?«*«j?@Kl 4x^ 
fcSGOOOm^tt *L" T?*>5, err. PASS? 
■Onmm^ "L" (CTio/c^^. NMMOSFETQ 
IS^s^iiL. NMMOS FETQ 1 Sir^tTgiam 

(0 0 6 71 x;^ h*-K^|S'f'(c|8»f^j>Sjg- 
o/!:®^l4. FA I Lfi-§-J4 "L" Iw/ioTV^iWC . 
Na!MOSFETQ16»4i»a-li-f. 3*5 'H" 

i^ioTt,. NSMOS FETQ 1 6t5io:NSMOS 
FETQl 7Sr^M,T®j£*5«til5;itl4/^V^ Z.(Dt 

FwmWiUiW a^oT. PASS9'fi'l4«Mii(«ffi 
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5GOOD«^H "H" T?fcS, 
(0 0 6 81 wir% ^<r)i.ofi~M(r)m\7-^mV^ 

I0 0 6 9J <c. fi9mS»ifp>EA±wJ:5lc, •r;^ 
^' 8 0SrfflV>r nUaoDRAM^ S/T-MSrSejnjx;^ K L 

8 0-eDRAMf^S.7^|CKS()f^a54i:.-CI,%5;}.g: 

[0 0 7 01 ia9ICDRAMg=-yrMl OOW^af^ro 
t. 09(C*J^^T, 7^X^8 0OAai:^4S3i:DRAM^ 

10 0 7 1] iJCICDRAMf^yTTvil 0 OtDKlfpSrf'i 
1 0IC7r!f'''«-RASft^03f->f ^'/naSStii^f-'f 

(00 7 2J rit?, ®2\z.7f^-tmt^Lff.m«,i 5nWi 
"L" S#iii5>-®tejgtt{t;«-§-*w*5 "l" n 

•r<et>*.K;«^UL^ttt, Pi!MOSFETQ3 
0 k nmUO SFETQ32tttt> (C#*attll6-C*> 

S. PSMOSFETQ3 1 iNfflMOSFET 

Q 3 3 tt t i,\zf^m^m-r;h *> , P5#©««/ - Ktt 

10 0 7 3] S#ii^ltlcliS#i4;t,@Kgttlt 

"H" ic, /<-i/o||cr>l;fi:^r "L" *fc, 

SfftSr "L" jc, '^-I/0«l(^»etfc4^ «H° (c-rs. 
10074] <C-1. f-i'i'/H >t!f^T, laiOlC 
^t/<- R A S ft^O■!^^ 1 icfcv ^-C. /<-C A S 

*H" ffes. 

(00 7 51 <C-2. •!>->r^'yU2>ft|C. •!^^'^/^2 
midlSMf^iSje-ofcDRAMf^S/TTvilOOtt. E j 
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3 IC^Kl-ltei^^f^^}^|5]K 1 4 Ofc a-XKf^F 1 
»f^tl, PASS7-l'>(7)m{4(i}&0t^^R l$r:fl-UT 
•t/jjfc'tjGooDm^zjs "L" t/j:^(7)-c, 

yVr 1 3(0NANDy- hG4*>J:0!G5<73ai;^*5 
"H" i:<ci9. ay3/-!.y7r 1 3«f-^'^'/^2(wtil,^T 

(0 0 7 61 'TT. h*- Kmif'icssiftf^iwer 

Kl 4©t^-X^^F l;jS^»fA(^^^,^^^,^^ ^ 

ASS^-fVIl "H" 04i-Cfctj, GOOD«-t*$ 

"H" t/j;tj, aj/3^<-;/77 1 3d»Pjttf-^^/Ht>a: 

(0 0 7 71 trt-xsB^F i 

(00 7 81 ^L-C. loroORAM^^j/T'MI^Jt-rs 
y^f' 8 0 t(OmSti:m'9fliLX, »:(ODRAMf^S/r 
AMf'.xT'MdSnjafctl-tf. n lelCDiSSiJipJJtSii^Srff 9 

1 0 0 7 9 J tztci., mm&wim^s^tmmtto. 

30 5#Sar-i)5(D-C. {SIxtfl 0 0(@ODRAMf-s/7' 

(0 0 8 01 <D. f^ffl*JJ:tfS**>£t±»WLfcJ:5 

|S1 Ux^ ^ ^rfflv ^r(ia»)l::Jte5emSrWS-r 5 r (c J; 

(008 1 1 *fc\ ±f2|ft?g|cj3VvT, /<-RASft^ 
ro »f■■^'^'/^2*SJ:^/f•^'^/^3(02f■'1'^?/^Sr7^:^ 

x^ K*-KWffltt2*-<'^/Kc|»?>H-f, 

iJ'/PjSrofla^Srr;^ h^-KIWraT^::^ htUTtAV', 

(0 08 21 <nm(omm2> 
<E. i^t«fie>ui±KegLfc*«§gic^5^«(^iEtg 

taiS*SrRefeLTgBr-f5t^-X5K^F 1 

fifeST'T^ Lfc*5, t a-X^^^ FlOft^SfJJil^O-T^^ 
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[008 31 01 nCDRAMf-5/>^Ml OOAOfll^ 

Ml 0 0 tm-<Dmf&\cr>\,^xim-(on^'^HL. m 

10 0 8 41 <E-1, lt«*§*(*j^|pJK>^-f^ itgj 
«S*»l^|HlKl 4 A(7>®te0S:^L)tlll 2^^fflV^Tfl| 
^SrUi§gi-5. El 1 2 fc4b^i.>TH:»^mi^[Hll?S i 4 A 
iX ^>^^-i$^G6 0-G6 9, NANDy-hG7 
0. NORy-hG7 1*3j;U?G7 2. N^MOSFE 
TQ40-'Q52, PSMOSFETQ5 3~Q5 9, 
NS^n^-T^^V^.y^l., h7:^t^>^>5'FG, }gk 
*^R4*5J;UCR5^ ^1'^^i^:^'C2^^Lrv^^>, 

[0 0 8 5] MsttlHlKl K^WAD t^NSMOSFE 
TQ4 0(DKW:/l;fii(C^;tbn. NMMOSFET 

Q 4 0 o y - >^ mmn^ yy^- ^ggocda:^ icmm $ 

tlX^f^^o '0^<-i5'G6 0lC«>f Vy"?— ^G6 
*-:7'i^lc8^5c;jX^ -^^^^^ ^G6 OOUJAttNffiMO 
SFETQ4 lOKW '^mm^^V^NAND^-hG 
7 0OXtHZ^tSt^tlX\f^^^ wClT. N^MOSFE 
TQ 4 0 (^y- K«ffiJCttlSiJSlIpIK 1 ;5^P>f8^* 4 

N^MOSFETQ4 h^igfCli®-^ 

TV^S. NAND^-hG7 0tO-^r<?5A:^(c:tt 

[0 0 8 6] NANDy-hG7 0(Dm;^|cH^W^^ 
^G6 2;)5jKfii^ctt, ^^^<-i^G6 2oa;^ll, NO 

R f> G 7 1 *5 J: o^G 7 2 A:;^(ctt^ $ 1 1> 
Id, -f >'^<-^G6 4{Ctgj^^FttTV><5„ 

[008 7] PS!MOSFETQ53i:NSMOSFE 
TQ42. Pa!MOSFETQ54irNffiMOSFET 

Q4 3\tti,{-mm\mmt^ti. nsmosfetq4 

2*5ctVQ4 3fig^HtjSffl:iC^«g$tVXV^<^„ ^LT. 
NO R^- h G 7 1 (OffiAttNSMO SFETQ420 
'/-hSSlc^iK^n^^^tlC, -Y^-^^-^GB SIC 
fcSft^tl^ ^ >'^<^i$^G 6 3<7)ai;tJliNSMOS FE 
TQ4 3(7)y^h^^<Ct.S^$tlTV^6o ^tz. Pm 

MOSFETQ5 3^NSMOSFETQ4 2(0Say 

KJIPSMO S F E TQ 5 4 <oy- hSffiJcgf^^ 
tt. PS!MOSFETQ54i:NSMOS FETQ4 3 

<r>mfety- k^psmos fetqs 3<?5y- hmsic 

S«*ix^i:<tt>|C, PSMOSFETQ5 80y-K 

[00881 PSMOSFETQ55^NSMOSFE 
TQ44. PSMOSFETQ5 6irNS!MOSFET 

Q4 5\ttt\:immzmm^fh. nS!mosfetq4 
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^ V/<-^ G 6 4 <Otti;^|iNS!MO SFETQ44(0y 
ft^^h.. '<:/^<-^G6 5(DtH;^|iNSMOSFET 

Q4 5<Dy-^hafiilc:fc»«$Hri.>^o ^3^, PifM 

OS FETQ5 5^NS!M0S FETQ4 ACOSigfey- 
KdPSMOSFETQSeo^^'- hSffiJ^fegS^ti. 
PilMOS FETQ5 6 irN^MOSFETQ4 5(7)^ 
Kfl P^MO SFETQ55(75-ir-fs S^HifclSfic 
^?ix^^<lrti^. PS!M0SFETQ5 7coy-M;<i 

[0 0 8 9] ««SttVcc<t»*®f4vss<l:<oraic:«jg 

fit^^R4^:^^y^v'^C2^>e^J(cSj^$iL, plJ^O 

^ G 6 6 Offl^fiNO R^- K G 7 2 \cmm^tlX\^^ 

[00901 N^MOSFETQ47. P^MO S F E 
TQ5 7, NSMOSFETQ4 8{il;jKl;&Vcc<i:^ 

G 7 2 <omt)\tNmMO S F E TQ 4 8 (O^- h^m\C 
20 &m^thX\^^i>^ wwT, NMMOSFETQ4 7(?>->' 

[0 0 9 1 1 ^LT. NSlMOSFETQ4 8(DKW 
OS FETQ4 e<D^-hm,m\t-(:yy<-^G6 6<Dm 

ti\z&^m^tix^^^, 

[0 0 9 2] N^MOSFETQ49. PS!M0SFE 
TQ58, NSMOSFETQ5 0, -t^^v 

30 ^:^iM^^yA<o>t&^n,iSLVzst(om\m\cmmc 

^l^^tly NSIMOSFETQ4 8(?5 KW>f >^;g|j:N 
myv^-T^y^ ' . hy>i?:?f.^FGOy-h 
ete(Ct^^$HTl>^o rr-C^ NSIMOSFETQ 

4 9<oy^ h^mnr KU'^m^i^>'A<o>icffi«g$ 

ti. NMMOSFETQ4 Qt^-y-hSffittKWva 

^t-^i^^ttri^^o ^LT, N^MOSFETQ4 9 
^ PMMO S F E TQ 5 8 t Oggy ^ KICllP^MO 
SFETQ53~Q5 7 Oy-'J^n.&tmmiC^f^^Jtl 
TL><So P^MOSFETQS S-QSSt^^x'Cjf 

40 ^<f-hn^tl^ti(oy-;^mm\:i^m^tiX\^^i>. 
[0 0 9 3] Nffl:7P-x^>^ . . 
^FG(^KU>r>'S;ffi|j:, N®MOSFETQ5 9(Dy 
— :^®telC^^$n. NSMOS FETQ5 9(D KW 
:/me«^>/<--^5'G6 7|c:SiK$n, ><W^^^G6 
7oai:^;d5GOODff#^*^, ^/c, -fy^^-^^GB 
7C0ffi;f3H>rw<-^G6 9{Cj*JS^fix, ^yy<--^G 
6 9<OttJ;^fj:NSMOSFETQ5 2(Oy-j:^Sffi«c:ft 
NSMOSFETQ5 2<0KU^:x®|lfl^:/ 

[0 0 9 41 SMSffiVcctC Kix^>ffiffi;65ftgg 
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$hfcNSMOSFETQ5 loy-J^Sffij±{g^|g^ 

OSFETQ5 lO^ir'-hSlili^' W^-^Jr q 6 6 (Offl 
;^IC»«$n5ittK, NSMOS FETQ5 9(0y 

'<'>^<-^'G6 8(7)ti);^(±Na!MOSFETQ5 20y 
(0 0 9 51 <F. miTy<.hW>iP>^\zmi2t@7 

j0096] <F-1. f-l'^'/H>0 7*3j:Ot|a8tC 

^eyA<0>O®iarS:Vcc+3 | Vihp \&i±iZi-^tK 
<i#«liS-^«8ra "H" '•£<Or-NOR-i7'-hG7 liO 
ma "L" t*!). NS!mOSFETQ4 SisaiiaL 
T P SMO S F E T Q 5 4 i OSitty - KrofittiJ 
"L" t/iU. PS!MOSFETQ5 8*S^ii-f5«-r 
NS!MOSFETQ5 0fc«iiL. NSMOSFETQ 

5 0(r>y-:^m(r>m.mi "H" 

10 0 9 7] 11^*314 "L" VjjcOTNAND^ 

-hG70rota;/j|± "H" t/^t), ^'V/<-^'G6 20[) 
ffl^iJS "L" 1'V/<-^G6 40t« 

Mi "H" i^j:!), NS!MOSFETQ4 4(^^iitf|£ 
oXPSMOSFETQ5 6;4Sil|aL., NffiMO S F E 
TQ4 5iO>SiK/'— KO^teas "H" t<C.5. 
NORy-hG7 2(Dffi;^J4 "H" t^cS^-e' PffiM 
OSFETQ5 7tt:|fiS[ffiK:, NfflMOSFETQ48 
timmt^<OV, Na!MOSFETQ4 8©KW>-f| 
ffiftimffili "L" 

[0 09 8 1 t*or, NS!7B-x^'>'^'. -y-h . h 

i?;^;? F GO Lt l>llz)S(Sl,NMi: <eoTiP!l»l{k* 
(0O99J <F-2. ■!^-r^y^3>@3^ffl^,^Ta5g 

yy^m^(r>mti (fa i Lfi^) »± "l" ic/is. -e 
UT. ^^ifA^:i\z.)s\,^x^^i,Alfi -H" Jc:<c5^'-f 

? >*^-e, vcmmmnmn 1 4 Ao-f vx-^rc e o 

AI Lg^»±. lt«ife«Dti*S -L" i/^Sri, t<C 

10 1 001 <F-3. f-'C^'/W4>-y--f^/U4(C*5l,> 
XT Ku;^«#e:^A<0><OS{S[*Vcc + 3 I Vihp | 
±tU /<-CAS<i^S:/WRAS«#J:03fc»c j. 
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"L" t-f5ii:-Citl!flB«»HflBlKl4A(clt«lfe* 

[0 1 0 1 1 -ttifyh^ FA [ Lit-^AS «H" 

te-t«3;4S "H" (C^.f5ir. NANOy-hG 7 0C5ta 
;^tt "L" t/^ij, 'CW<— ^'G6 2C0|li;f);iiS "H" b 
t£i>, :i<D®#, NORy-f.G7 0(Dtt!;^|4 "L" t 
/fO. -<V/<-i/G6 3 0ai;tl*S "H" i^oTNSlM 
OSFETQ4 3*3igtaL, PSMOSFETQ54t 

10 to 1 0 21 ^'i^^<~irG6 2rom;^*5 «H" /i 

O-C. -f W<-i?G6 4<0ta;^as «L" , -<W<-iJ^G 
4 5«ttl;<ji4S "H" t/j:t). Na!MOSFETQ4 5;4S 
*iiL, PSMOSFETQ5 6tOgfi£/-KOSffi 

"L" ijJca, t.tL. NORy-KG7 2©t«>jtt 
"L" t/j:5»T\ P^MOSFETQS 71a<tO!Q5 
8tt!§iiL, N^MOSFETQ4 8tt#f^iii/^5co 
t?. NS!MOSFETQ4 8©KL''fl^«ffi(H|S{ittN 
O S F E T Q 5 0 © O NffiettC J: 0 r K f 
VA<0>©Sfil:a:9t,{aTU, S!S®/4VccJ;>)tti«t,N 

F G o K i.^ i^samisaffitt, mtr Ku^^ft^-ev-A 

<0>©«iiilri:/iS. 

[0 10 31 Vt^Xamya-v-^^y Vy 
[0 1041 FAI Lftf-jJS -L" f'fciplbK 

i()f^-is»±LT^^7!^^^^^fi^t^^ 3;0s "h" jc/jiot 

fc, NSIMOSFETQ4 3 i PSIMOSFETQS 4 

30 tnmmy^ynmfSLT^ "h" . psmosfetqs 

6 t NiiMO S F E T Q 4 5 t (D»^y - K(0«{4«S 
"H" . NOR-y-hG? 2C0ffi;^|4 "h" tf£i,(D 
■e. P^OSFETQS 7te±0!Q5 8tt#«ffl»c:, 
NSMO S F ETQ 4 8 tt:»iii-5<0TNS!7 P -f' 
Vi^-y-K- h9i^vf;^^'FGcDKt'^'v®g©]^{4 
(4 "L" X'h<0, NS!7D-x^>'^^. y-h . h7>^ 

^^^A-m-izii-^xttmrnii^mmic^ta^tii, 

'0 rtlr/iS. 

to 1 0 51 <G. mwm^t¥>mz^ -i.sss^«j 

»l-7-;=<.^'8 0$rffl^^T)@SlW;^$^^T3fc^6^cf?O^ 

C 2 tt^e^cix-f ^ ^ G 6 6 <DA;^ffl9«)Stel4 

"L" 04*-C$)2). eSoT. -f >'^<-i'G 6 6<0tti>i 
fflOStttt, -r >y<-i'G 6 6 WA;^ffi!l«Sia>45'(' 

[01061 G 6 6 Offi;^<®<ol;{S!:*S "H" 
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NS!MOSFETQ4 8iiS*^iii:/j:5. NSIM 
O S F E TQ 4 6 tiJ;t/Q 5 mJgii-f-S r 

G t # t ^«|i4Sf£|, (^Blf^^JS^ t Tl/ V ^»^) 
GOOD{S^;45 "H" 

lO 1 0 71 N®7n-7^^ V^' • .y- h . /, 

i*S "H" t/.t50-CGOODm^a5 -L" bt£*). 0 2 

«rfflv>TBlWtfcW^/<s/7r i sonanD'^- ho 

^iSi.XIG5(DV^f]tt 'H" btj:<0. NSJMOSFET 

Qi i*JJ:U!Ql zmMmtt£'^xmt>^'iyyr\ 3 

Q ^-owffittH 9 ic^i-fitt*^-R 3 ^if Lxmrnn 

ISLtfj:*), TDRAM^y-fM10 0A\Z»Wlf^i,i±CX 

°L" tC/^St, NiSMOSFETQ4 6, Q5 
Is Q5 9tt^3|iii:4U, NSMOS FETQ5 2i»S 
»iiLT, W y/<-^'G6 7*iJ;OtG6 9-C7yf-|HlK JO 

<5. 

(0 10 91 <H. f^fflfcJ;0fS!i*>£t±iiiijqtfcJ;5 
eJKfS^i: LrfflV>5it|lEE PROMTS EPRO 

1 0 1 1 01 < 1 . Sf^«SJ>/j:*j. 0 1 2 Srfflv>TSi^ 

^ffi'i^^^^^^^>5 E E P R 0MfflW7 D-r • 
i ♦) m^fS V ^*Dt^)5 E P R OMfflCO 7 D -v' ^ . 
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m 7 *5 J:V08 iC^f '^-R A S«f•(D•!^^' i'/Ui 

to I 1 1 1 <^liOJgji3 >ti±Sl?^Lfc;t:^Wlc^^ 
AMf^y7"Ml 0 0(DDQ1:^>'*S. SE^^ai Lf-f ^ /Hi 
/O *>5V>I41 4A©GOODffl;^|;:j;oTiSS^ipJ:6tTt) 

10 1 1 21 < J. mmm^>i-fiht>itmmwm 

88 1 4fc5^^ll 1 4 A<DGOODai;^Sr§lt-C, ii^^ 
f^l8»lHllS«rDRAMf-s/7'Ml 0 0*)^V>tt i o 0 A 
[0 1131 < J-l. iaS!if^ffi«|®K>0i 3lc^K) 

f^li«igiao-«4-nii-. 01 3te*jv>-rgai(if^}iMiH] 
Kieii, r KU';^{t^e:/A<0>t8iJ6«(iv$$to 

20 W(CiEJ^»Cg|gg$Jxyi, N^MOS FETQ6 0*Jj;t»! 
Q6lSr#U NSMOSFETQe 0»y-^®S|± 

rKU';^«*f>A<o>ic»a!sn. it»i»m«^i$i§)ig 

1 4cOGOODffi;')(i^W<-^G7 5tA;^$*l„ 

G 7 5 03til;^J±NSMO S F E T Q 6 0 <o]f- 

1 0 1 14 1 Z(r>J:^ fj:m^<ot^mi¥mmm95 1 6 Idfc- 
t^Tli. H:t!Eife*«fif|EjgSl 4cr>GOODffl;^d5 "l" 

FETQ6 liJSigijLx. r K>;^fs^trvA<0>i:» 
JO *S(a:Vs5i:wratcmtosgS*t5. GOODffl;fj 

r Ku^«^i^yA<0>t»J6«ffivs$t(OWte«86f4 

lO II 51 rrt?, 01 4|c|8»ifpffl«®gSi 6&<i 
XfeDRAM^-^T-Ml OOBOfll^Sr^-f, 0l4|c 

r Ki';^<t-^e>-A<o>ieift®(svssi:(DW 
lcR»f^»«@K 1 6*5:^1$ PSif^JgKlaJK l 6 
l-ItgEJSSftJtlelgg 1 4<OGOODffi;^;4Jfttt$Hrv^ 

0 •StA^I-ttDRAM^s/T'Ml OOirPJ^-CfcSO-ca^ 

•fsoiiT K^^{8■§■trvA<o>^J:Re>^vf^ /<-ra 

[0 1 1 61 <K. fBSWi€S)f^>iroj;5/ifi|fi£(OD 

R AM^i^T^ 1 0 0 BOBifpiSrf^x s'^'tSfcfti;: 

i4> «ig'j^9j^icns^ffl-t 5 7^ X ^ ii^m.mu^m7Lx\,^h.it 

01 5Jc:S«Etf«r«x.fc7^;^^'Srffli>TDRAM 
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[0 117] 01 5lCi3l>T^;^^'9 0»l, ftf-K7^ 

AMro-«giii;as®ttvcclc«iB6SttTi,^5. -inmtt 

[0 1181 -<^J:5^1^^»^^07';^^9 0^Srfflv^T(@SlJ 
W^iSrtTPi:. DRAM^-^T-Ml 0 OBiJSRttf^Sr* 

> i Vss i Offl |c2igtv5m«i£*«^tU-r S or-K 

[0 1191 DRAM^^-^T'Ml 0 0 BICfcVxT 

l±, m:h^^yy7 1 3lCttt«ife«<^J¥I5]Kl 4C5GO 

f-'T ^/H^*Jv^Tt/^^ • -f i'^f-^<y>^*l^)B^c//5- 
[0 12 01 fin. T^Q^xomtsvmwiWio^i^con 

3«3A;^NANDy--hG4fcJ;0!G5^2A;^NA 
[0 12 1] <^tS<DJg{i4> 

«K©^wjgl!ii~3-ci4, ttl;'j>'<3'7Ti:©#ii;'^ 

lE]|g;JSD Q f V(C*il(C)ga$tir Ir^SD R AMf^S/T- 

■»f'--fm:h^^x-hm o u t i^vtc, $tii;^*^iHiK 

!>«f'-#'A;tJ«^Tfc5D i n ^>\Z^fl^fim^tfl 

rtj«-r5Ci:;iJ-Ct2„ iJtT, Do u t f i-teiWD i 
n f >'*r*i-5DRAM9'y7'MIC7'>^ h«»«5:l^j8St 
fcDRAM9"y;?-Ml OOClCo^^-C^i^W■fS. 
[0 12 21 01 etCDRAMf^yT-Ml 0 0C(Ofl|fig 
Sr*-t-. rr-C, iaiSrfflv^TSi?qLfcDRAM^y7' 

Ml oot|Bl-cofi^^lco^^TttPl-o4^■^*^^u, s 

1 3ASDQl^>|r{tiPoT7'-^'ffl;^Ja^-C-*>5Dou 

t «^>l-8^S*i^T^>5::i:a^l^0l?rffl^^ri5iBqL 

fcDRAMf-yT-Ml OOtra— C*.5. Sfc, 017 . 
*5J:o:iai 8(c:DRAM^-;/3^M10 0CW«lritSr@K 
lat UT.i^-f-. /i:4b\ 01 7t5J:tflgi Slice iKce 

[0 12 31 <L-1. OEMflr#«4®K>rCT, 

Dou tl^>*jJH/Di ntV^;^1-5DRAMf^5/7' 

t/* 4m#-Sria*i-50EMft^»4®KGC 1 ttia 1 

[0 1 2 4] -f^ip*,. 04^^^^^gi5qLfcOEMfi 5 
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#I84Ie1KGCcO, 3A*NORy-hG3 2At, 2A 

;^NOR<>'-hG8 0(C^Jf$H6, ^OftflOfllitlSO 
EM{t^|g^|il|^GCi|Hia|-Cfc9> fiMi-SSlliqiJ^ 

[0 12 5J <M. afe^ijT^^ H!if^>iJ:|c, DRAMf^ 
yrM10 0CC0x;^t-»lf^5r. 02 OfciOtgla 11^ 

?^i-5o 0 2 0*3j;Of|a2 1I4DD' «-C*S^$H5, 

[0 12 61 02OJoiO!02 1IC1*JI,^T7-;^K^-K 

f-'l'^/U4JCOl^Ttt, BleSrfflV^TttWUfcDRAM 

[0 127] <M-1. •!^^'^'/^2>02OtJJ;o:0 2 
l^C.^^i-y<-RASft#•<0^^^^/^2rtt, --^-RAS 
m^t^ "L" ir^fbf 5Bft, ^-t^CASft-^-iiS "L" 
fcieft-t-5B$(::i4T KU'x^fvA<0>~A<12>o«ffiJ4 
"L" t<eoTV>5. *fc, ''<-WE«#;JS "L" lc<t 

20 or, rrof-^'i'/Hctt, nrV'uy^ (a<o>~a<12 
» , yilTKu;^ (A<0>~A<I2» 
■fe/Hw. D i n e■vlcep^lD$^^it "h" 7»-!?*s»*ii 

[0 12 8] <M-2. f-'T^'/ua ^yU3li, ^< 

»s '^-TEST^t^tt "L" fin-Q, 01 9|c.T^i-o 

EMfg^^^iaggGC 1 (^NORy- KG 8 0<OXtl(O 

lojCtt -H" fetus itIC/iO, te*OA**S 

fei-C&oTfcNORy- hG8 Oroai;^j|l «L" t 

JO NANDy-|>G3 5(0ai;^tt -H" i/ioTOE 
M«#tt: "L" t^S, 

(0 12 91 OENHt^^J "L" T-fetltf, H 1 7 ICir 
1-ta;^/-?y7rl 30NANDy-}-G4ioJ;0!G5<0 
ta*l4(&<DA;^AJ<^r-CteoT'(> "H" iZtii, ^-LT, 
Nl!MO S F E TQ 1 1 J3 J:OtQ 1 2 h««|Cf4 
iil^M >-'<-^G2i6i:XJ^G 3 ^^LTNAND-y 
-hG4teiu:G50m;^j;J54x.f>*l,2,WP, N^MO 

sFETQi ini^x^Qi 2a.th\zmmmtti 

fO 5, 

(0 1 3 01 »or, •i^■^'^'/^3(c*i^^rl47^p^^'8o 

TDRAMf^y^l OOClC^iSrt^SST'tS, 

[0131] mmi^t^&n i z [t^ g e j: 

tJ«G7-C«ja$Jx57S'f^|HlK«rffl;tTfc»), Dout 
IllteiHligl l(c4^f,n, R^ffflLSKl 0;»»P,ai;^ 
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10 13 21 iCT% «#iSDe!i5"H" |C*ftT. 
^WLy'-^'Dr^iS "H" kH^lt^ii.^ ]E»S»f^-C 

"H" tti^. Ld»L. ^ihht^nwmx'umv^ii^)^:! 

«D tli "L" ttii>, 
(0 13 3) ItgfS^D t«. 01 ^\^^^i-\tmt^W:% 

*ffllC(±N^MOSFETQl 4:4SlRltP>^^TV^^,, N 

SMOSFETQ 1 4(0-/-hS«i(C|l. Doutfi/- 

z>5 "L" iciCtofc^ic:. m \ 9\z.7}^-rm.mz.i^i^^Mc 

-fyx-^-GS?, G3 8. G3 9lrJ:5iiJi^|aj^>fc- 
It "H" l-/^5{t^<(,4^5J^;t&*T,S. 
[0 1 3 4J lte!te*D tttrn^* 4*5 "H" CO^It 
tfctiS«{*l^lH]K 1 4 (O'f V/^-^TG 1 4*J J;VG 1 5 

;^ (FAiLft^) li. T-;^h^-K(cAofc^, 

fflffl "H" l-*5(s^* llCioTNMMOSFETQ 

issriicr "L" ty-fey hSixTi>5*5, vmm^ 

[0 13 5J <N. f^ffl*JJ:0fja*>eJli:Si9gufcJ;p 

'ifll^iSSitlcJ:!). ffl;^As/7r*SDou t try 

I0 13 6J <o. ^Jg^>til±Iji?l3Lfc;*:|BWIc:#5 

JW^tlftl^lHiKl 2«:D i ntf:^«j:»ttLyS:«fifcSr*t 
fc*^ Dou t f XcSi^tTT^;^ h^-KfflWI'JCD 

0 u t yfyt^hWm^D e Sr-^xTt J;V^ 

[0 1 3 7J tit. m\ SlCteV^ritDo u t«*»CS 

^V^TfS-^* 4Srll4^?*5ffifi£<&^Lfci5, D i n« 

(0 13 81 <nm<omm5>&.±sLmucnm0mm 

1 ~4lc*5^^T^igqLfcDRAMf^y:^l o o~Mi 
oocii, it^y ^»x-^'^ti^^g■r5«^^S;:tLT^^ 

^v^^.y-h- ^9vi?;^^'toFF^^aglc:•r5;:t 

lO 1 3 9J »T. *«Wc«65¥J9«:|Btg$l(i03S16 . 
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JO 

[0 14 01 112 ZiSi:Um2 3IC, h««|*f^igE 
LfcDR AMf^-;/:?V2 0 0(O«^SrlftWt-SyB j/^ 
0Srjp-J-, 02 2*3j;y:|g2 3{C*-t-DRAMf^y7^1 
2 0 0(i. 4tV hOx-^'^|5tt^5fc«)(D«|)$«r* 
02 2toJ;L)5|a2 SttAA' ^6(i*J^^ 

[0 14 11 <P. ^ll«fiJt>@2 2*3J;u:0 2 3IC43 
l/^TDRAMf^yy2 0 0ll, V^^tmm\Cy<~RAS 

y^y. /<-CAStr:^V'<-OEe>'. ^<-wEe>-, 

*3j;t;:r KUXlt^ K-:^A<0>~A<12>Sr*i-5ft(|«l|§ 
JSlAt, 4o(75^^y -tyl^r W 4 0~4 3 

y -fe/wr I'l' 4 0 ~ 4 3 i-^4x-fngi^$ixfc?ijT k u- 

X7'a«-^2*5j:tJt. ^TT Kux^3-^3Sr«ilrn 

(0 14 21 ^^y-feyu-r 4 o~4 3l;::i±, -ttt-e 

2 3*Jj;t5StJi;^|5IK3 0~3 3iSft«|>SixTV>S, 
•^-Ur, S6i^toLlHl?S2 0~2 3ICI4, ^ff-mLf-^ 
/<XRD<0>~RD<3>i5-tn^'*i»^$tL, S2i5ittJL,f» 
-^^<;^RD<0>~RD<3>tl4. «:?»itU**ufc9'-^' 
Sr. iS^mL^<;^R<0>~R<3>$r:^^L-cej|li-S-'<5s/7 
rBAF0~BAF3i:, 3/ 7 r B AF 0 ~B A F 3 
lc:J:orteiS$*T,5B{^aiL^— ^'Sr, DQtrvDQ<0 
>~D Q<3>lCffi;>j-f-5ayj^< s'7r50~53 /JJ-til-P 

30 [0 14 31 ^fc. R;5»^tat7'-^'-'<XRD<0>~RD< 

iiUr«i6x-^i:i-2,iieifi|51K6iJ5Kg?$n, *giilHl 

lo 1 441 aa!i-5j:5ic«ft<07'-^'**ii 

[0 14 51 S!:«^ttlL7''-i'/<:^RD<3>»CH7=' 
4tf -^''"<x§]0#;t@K9 2iS»iK$HT*J0, «iE-t-S 
J: 5 C«li8®SS6 »i*jltitfctt|S*SrDQ e>'DQ<3> 

(01461 S#ii^^lHlK3 0~3 ajcit, Stii^X 
-^'/<XWD<0>-WD<3>;4J^n-?'H»a$n. 
^x-^/<xwD<0>~WD<2>lcii, StaJS^f-^'Sr 

^M-TDQt:i'DQ<0>~DQ<2>*S«iK$nrV^5. * 

fc, S^ii^v'-^'/<;^WD<3>{t/^y7r BAF 7« 
FO ^<y7rBAF7roA;^f±Stiai5fA 
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3J 

;^w<3>$'^^LTDQt:•yDQ<3>lc:g^g^^?i^rv^:5« ^ 

10 14 7} »:(C(g2 4-lil2 6$:fflV^T. SWIhISS 1 

A, g!;^^ttiL(Hl5§2 0-^2 3. SJi^;^lE]^3 0-3 
3. ffl;^/'«7 77 5 0 — 5 3, ir 1^^^60 — 62. B 

[0 14 81 <P-1. ii!^WL(H]SS>ig2 4(C75-rj: 

mLEIIS2l-2 3 (la/i^-tir-f) «coVNrtl^«Tfc 

{01491 <P-2. Stii;^lH]gS>E2 4|C^-rj; 

mi-^t^s NAND'/- hG5 0OA>3JCj±S^ii;^7^ 
0>H. iri-'^?'^6 0C0/^>y:7rBAF4Om;'3lC^j^$ 

-<^«fi)cfiS^j^.;^IalK3 1-3 3t;i 
":>V^rfcl^8l"e^»?. -ttl/'^'iXtONANDy- hG5 0 
<^ A:/j tc «S # ii^^T^— ^ ;^ W D <1 >- W D <3> jiSffilK 

101501 <P-3. 'feUi5'i?>ia2 4{OT^i-J:p 
y^cNSMOSFETQ? Oi, S#iA;?^^<;^W<3>(C K 

[0 15 11 -trU-^^e m^^j^^y<:;KVr<]> 

lcKW>'®jl$rggg$n. y--;^ti;S>^/<5/7r BA 

FSjCSaSiXiTcNSMOSFETQ? 1 Stii^^ 
yyrSAFS \Z.mm$htzNmMO SFETQ74i: 

^7^- ^ y^:;^ WD <i xcfti^ ttr V ^ 5 „ 
[0 15 21 ^fc, •feu^tj'e 2tiS^#ii;^/<y^w<2> 
i^KU"<y®g«r»iK*n. v-;^mffi^^<-;/7rBA 

F6JCfta$nfcNS!MOSFETQ7 2 

y^r BAF 6JC:S^^n;/t:NSMOSFETQ7 5 <b 
Sr*UT^^^>o ^lis, ^^yyr BAF 6 (Dm:t)itWr^i^ 

[0153l^LT, NS!MOSFETQ7 0-Q7 2 
<0^-hmm\t. -r^^h^-hfi^ {K«TGfI^^I^ 
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N^MO SFETQ73-Q75 CO^^ h 

A F 7 oaj;^ |±» t - :^ W D <3Mc^j^ $ 

[0 154] <p--4: mts^<yy7>m2 5{z7f<i'x 

itOratcayiJtciKjBS^ftfcNffiMOS FETQ7 6*5J: 

O^Q77^, -Y^^^-^GSe, SAtlNANDY-h 
JO G87^^X/G8St. ^:^^<-^GB9i6^V^G90 

(0 15 51 N^MOS FETQ7 6^^XJ^Q7 7 (O^ 

mtAO SFETQ760^-h miililli^ y/^- G 8 
9coai:^^5aj|^$4x^ ^>'^^-^G8 9 0A;^tc{i3A 

;^NANDy-hG8 7C0m;^;&?g)gg$tvTV>^« 3 A 
tiUANDV-hG8 7<OAt)^^\t, ^^-BPTft^. 

20 [0 15 61 NSMOSFETQ7 7 (D^- hmWat 
^>^<-^G9 0<omt)7(f^mff^^^. -(>y<-^G90 
60A;^?|::*i3Ay)NANDy- hG8 BcomM^^lgl^ 
nT^^^». 3A;^NANDy-hG8 8C0A^fC|l. y< 

-BPTfa^, OEMm-^. ^>'y<-^G8 6<om:ht>> 
^X-^nSo tfen w<-^G8 6coA;^lcW:. Si^ 

hthi>^ ta;^/'^5/>'r 5 1-5 3l^o(,>Tt>I^« 

[0 15 7] <P^5, ^iil2]MI>0 2 5(C^-r^5 
30 ^ii[ilK6(tgg;^^mLx-^/<;^RD<0>-RD<3> 
N-fh^tC 4 A;^N AN Oy- h G 9 1 *5 
<fct;^Sfi4A;^ANDy-hG9 2^, 4A;^NAND 

h G 9 1 omtiic^m^ntz^ >y<--^ g9 zt. 

^^-y^-^J/Gg 3fcJ;(/K^4A;*AND'y- hG9 2 
<oai;^;iSA>j$ftSNORy— hG9 4 t*r3ffLrv> 

(0 15 81 <P-6. tt;«lH]?§>®2 5tl^'rj:9 
tw. ittSE®K7li-<^^;:^j5^/l^>:/OR (XOR) 
HG95i:OR^-hG96<!:^;&Ur*JiJ. XOR-^ 

40 -hG9 5O-:6r(0A;'jiC|liBgig(HlK6C0'r yx^-^G 
9 3coa4;^;d5^il^^ix^ {tli:^r7)A:/3lcHiStii;ify<xw 

(0 15 91 ORy- hG9 6<7)-:^OA;^ICll 

xoRy-hG9 5oai;/3;^5^gg^tv. ffe^OA;^lC|l 
ffiiilHlK6<0NORy- hG9 4coai;^;55g5gg$ixTv^ 
5o 

(0 1601 <p-7. tt:»je*iSj$i5]K>H2 5(c^ 
tct^lw, iteie*iSI$|HJK8«. NANDy--hG9 
7, G9 8. Gl 00, KteA:^ANDy-h9 9. N 
50 ORy-hGlOl, -0/^-^^0 10 2-0 10 4, 
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NSMOSFETQ78*3j;t;Q79, tzr^X^^F 
10 16 1] NANDy-hG9 7*5j:t;fG9 SttU-fe 
NOy- h 9 9 C0-:^OA;^(Cli;N ANDy- hG 9 8 

NAND-/- hG 1 0 oco-:fr(DA 
;^/lcrt:ittS!@K 7 oo r h g 9 6 offiiti^J^gia* 

^C0tB:^fj:NANDy-hG9 8(7)A;^?lcg^j^$ 
iX. NOR^y-hGl 0 ICOmi/jllNAND-Z-hGl 

10 16 2] NORy-hG 1 0 1 <^-j^oA;'7t;iii/^ 

-0E<i^z)5A;^$H, m^(^KMz,nm.mz^m^fi 

fc><W^-^G 1 0 2-0 1 OA\^i:^XS.^^Mcy< 
"0Em#^S4;te)n6, NANDy-hG9 7 

OA:^lc:«'r^ h-t- KlcA6r (t^r^-f/^-TE ST 
I NjH-g-j65#x.?)tb, .SteA;^AND'i^- h 9 9 0te* 
OA*lC|i:T^;>; H^--KS:j|*T-f5^t^^*r^<-TE 
STOUT{t-^;05^X.e>H<5, 

lOl 6 3] NS!MOSFETQ7 8:fc^J:TJ?Q7 9(DK 

^tr. N|gM0SFETQ7 8O>/~hmffi|;i(^^^ 
A;^AND<«^-hG9 9<Otli:^;0Sfi§j(^$tl, NSMOS 
FETQ 7 9(0^^ hSffijCttT^;^ h)^««r«Bi-5fc 

a-X3K^F 2cofifeir««r Ku;^ft-©*e:xA<0>(cjK 

[0 16 4] <p--8. r Ku;^/^:y7r>*fc. 02 
5 Iw/i^-f J: ^ tcT Ku;<ff^fc^'>'A<0>{cttr Ki^;^/< 

9 l^Sgjg^^ci^TV^6. r Kl^>^>"?y:77 9 1 
l^tStlitPmMOSFETQBO, NSMOSFETQ 

8l*5J:r/Q8 2i:, :/-:^^%:mmmvco\zmm 

KWVSffiSrPa!MOSFETQ8 0(?5 Ku^f 
i^®ffiJcggc5?n/c:PSlMOS FETQ8 3 PSM 
OSFETQ8 0:*3J:UtQ8 :/m«tc:AASr 
»tt**i;/£:^>'/N*-t$^Gi 0 5.i:«^^ii-C^r^-5p 
"C, r KU;^(g^t^'>A<Om, PSMOSFETQ8 
0*5j:t/N^MOS FETQ8 1(7)^- hglStC^^^ 

[0165] ^fc, N^MOS FETQ8 2i3j:OtPS! 
M0SFETQ8 3<Dy--hmffilt. ^1^Sl5{cS»:f e>nfc 

-f G 1 0 6 OA::tJ t;:iiseA*o R y-hGi 
oim^mm^ti. SteA;^ORy-hGi0 7<;:) 

(0 16 61 <P-9. SS;^ttJL^-^/<>^«It»#x.® 
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te>ia2 5lC7j^-rj:pfc, fSi;^mLy'-^^<:^RD<3> 
t-lt. iS^WL7^-:5'x>';;^^J9#;t(HlK9 2;d5»j^$tt 
rv^^>, S!^ttlLx-i5^^^;^§3*9^;tlelte9 2Ji, 
iHlKSecONORy- hG 9 4 OffiAtdg^jt* Hfc^ 
--iJ^GlOSt. Steffi t7'-^/<;^RD<3>|C^MfS 
tbfcNMMOSFETQ84<!:, ^>'/<-^Gl08O 
m*lc:Kix^>Sffi^, gS^ffiLr-^/<;^RD<3>td 

y-;^a«SrgaS$tbfcNMMOSFETQ8 5 ^ 
>'''<-^G 1 0 9 i:^^rtTV^6o ^cf^^. ^>-/^->5^G 
10 1 0 9 0A:^4b"J;U5N^MOSFETQ8 5<?:)y- hi; 
ffi|e:«TGft^;6?A*$ix, N®MO S F E TQ 8 5 

[0 16 7] <P-io. y':^hmmj3\^>»i\c. 02 
6S:ffl(/>rjH»lHl»l AJc$itt5r;^ hfilffllsIKTC 

1 (omm^^^^^x^m-t^. hw^Krc i i^d 

RAM^y7l^2 0 0(0x>^ h»«Sr^^'r-5)ti6<^^< 
-TESTIWrn-^. ^<-TESTOUTfI^. REA 
D R E S U LT<t^*3 J;i;?TG<t^«r|ii:^f 5lHlB-r*) 

[0 16 8] 02 6(c::^i-J:9(cx:^ h^JSllElteTC 1 
K^A;^ANDy- hG 1 1 OioitJ^G 1 2 1 . N 
AND-y— KG 1 1 1 -^G 1 2 0, :J?G 12 2 

'-G126. NMMOS FETQ8 e-QS 8«rWUT 

[0 16 9] NAND>5^-hGl I 1 :Jb^^ U^G 1 1 2 II 
y-ti/ h - -fey h • :7y yyy D NAN 
D'Jj'-hGl 1 l<Ott;fjHNANDy- hG 1 1 3C0A 

[0 17 0] tfc, NANOy-hGl 1 3*5j:t/Gl 

NANOy-hGl 1 4(Dmtfi±^>y<-^G 12 3<0 
?<Mz,^m^tlX\^^^, ^l.X^>y<-^G I 2 3<Dm 
y3«NANDy--hGl 1 5(0-:^(D7<Mcmm^t}^X 

[0 17 1] crT\ y<-CASm^^lF'^XX/y<-W 
Efi-^ig^tt, KteA:^?ANDy— hG 1 1 0(c:giK$ 
iX. EteA^AND^— hG 1 1 0(Dm;^|iNANDy 
-FGl 1 loAAI::g«l$tLri^?>, ^^-RASm-?- 
W<-i5^G 1 2 2coA;^i(;iS^^:n. V/^- 
^G 1 2 2oa;^fiNANDy- hG 1 1 2<DA;^lcfe 
a^^n^ir^tlc, NANOy-hGl l4(DXM:ih 

[0 1 7 2] NSMOSFETQ8 6. P^MOSFE 
TQ8 7. NSMOSFETQS 8(i::(OBS(ca:^J{cjg 

m^ti. r Ku;^fcr>'A<o>n, nsmosfetq8 
e<o h'l^^ hmm\^mm^ti. n^m 

O S F E T Q 8 8 Oy-^y^SteliS^Sffi Vss tCfttt^ 
ixTl^^, PSMOSFETQ8 7*5j:l/NSM 

OSFETQ8 8<^y--haffilim«SffiVccJC»ft$ 
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ix. PS!MOSFETQ8 yo/^^y^^y— hilg^(oy 

—^U^i^^Wc^tlX^^^^ PSMOS FETQ8 7C0 
Kl->rvafiili^ yA->5rG 1 2 40A;fjtCffiffi$ix. 

l-ffi^c?H. -O^'^-^G 1 2 SOffij^liNAND-y- 
hG 1 1 5co<i!i:frcoA;^ic:SjBg^;h.ri>-5, 

[0 17 31 NAND-^^-HGl 1 5<om:h\t^ >y<- 
^G 1 2 6 0A;^l(CgJ^$ix. ^>'/<^>5rG 1 2 6(7)ffl 
;^fiNANDy- hG 1 1 6, G 1 1 7*Jj:t;«NAND 
hG 1 1 8(O^H^ii<;D-;^(OAAl-g;^^h.TV> 
-ttTNAND^-hGl 1 6O<jh,:;i^<0A:/3tCf±, 
r Kl^;^fc:->'A<1>^SgM$tV. NANOy-hGl 1 
6fi/'!-TESTrNft^^a;^1-6, ^fc. NAND 

h G 1 1 7 <r>m:^(DAti\at. r k fc:">A<2> 

^mm^fl. NANDy--hGl 1 7li/<-TESTO 
UTft-^$rta;^i-S, ^y^c. ANDy-hGHaotfi 
*<OA;^lC|i. Th'W^t^>A<3>;5S»|S$tu, AND 
y-hGl 1 Stt/^-TESTRESULTfi^Srffi;^; 

(0 17 41 NAND>>'-'hGl 1 9 JoiiO^G 1 2 0 II 

ESTimt^ttNANDy--hGl 1 9(DKti\^^-x, 
^4X. ''^-TESTOUTm-^liNAND^-hGl 2 
0OA:/)IC^;te*t5,-. 

I0175jNAND^^hGl 2 0 (Oaj;^|jcSfeA;^ 
ANDy--hGl 2 l<0-:^(7:)A;^(iSjK*iX'5<b.irt> 

;^NAND'/-hG 1 2 10{&^(DA;^(CH/<-MBT 
ft#*5^;t e>i^, SteA:^NANDy- hG 1 2 1 liT 

f0 17 6l <Q, •^/l-^f 5/ hf^;^ h»|f^>»:JCDR 

r 1/^4 0-^4 3 ^^T, S^ii;^. K 

i^-ffiLCOr^ htt>^y-tywr U-f 4 0-4 3^;loV^T 

(0 I 7 71 Vy-:^ ^^cov^T@2 4 

•-®2 6i3j;Ut, DRAMf^y7'M2 0 Ocox;:^ hltlf^ 

OiJ'^^ Vi^-^i.^hJrj^t.rcia2 7*:ffllxTiaW1- 
2»o 0 2 7|^:fcVNT.T:$ix6fiftl|(±^i&f^;55g- 

(0 17 81 ^^*5. -^/i-^f hT^;^ Mc^si^rt,, 
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1 X ^ ;^ . D R AM5^ T'iCit L 

(0 17 91 <Q~ 1. >^-f. 02 7IOT^ 

^<^''<-RAsm^of->ri5^>'H{c: 



fc^^T, DRAM5^y7^M2 0 0c0W)f^':e-KS:ifi»^ 

-RASfi^W "H" 7&>e> "L" '-cOSg^klc5fe/t'oT. 
^^-CASfH^:JcJj:i//<-WEjt^-Sr "H" "L" 
J-S^^b^-fr, ^ Ki/;^l^^A<0>6OM^Vcc+ 3 I Vthp 
(VTHPliPS/MOSFETCOggffl) <1:L. TK 
i-^e:^A<l>lc "H" /<--RASft 
^t'^ "H" "L" (Iieib'tSt5''Y ^ :/irTv<--TE 

[0 18 0] TKl^xe>A<0>cOii;6?Vcc + 3 

I Vthp I N^MO S F E TQ 8 6 JiU? p 

S!MOSFETQ8 7;i52SiiL. ^^^^ON^MO S F E T 
Q8 8;!)5?SiiL. NSlMO S F E TQ 8 8 cOONfgJtJC 
J:0m/Ej5S%4t. N^MOSFETQS 8(DKU-<i^ 

[01811 ^iJ*5, T KU;^e>A<0>COfi|!55Vccjl^T 
O^'&li:. N^MOSFETQS 6 4b^i:atpS!MOSF 
20 ETQ8 7li«iiiJr-f, NMMOSFETQ8 6C0Kl^ 

[0182] fl^^ 2 6 (C*JV>T, T KUP^ VA<1 
>l;i "H" Sr^;t6^^. TKl->^t'yA<2>*5J:afA<3 

>l::ii *L" 3&s4^eix. -'^--te s TOUTfi-^^sj; 

U^READRESULTft-^ti "H" <!:/^orv^^». 

ESTOUrm^Ji: "H" /jtcOTv^-BPrm^iiJ 

[0 18 3] ^fc. /<^RAStt-^, ^<-CAS«-^, 
30 v^-WEfi^;5t «H" Kfj::bt. ^^-TESTINft^ 
t) "H** (C/j:5o **5, TE ST I Nm^;05 "H" 

(0 1841 */c. ^Of-^r^^/WT-J^/^— OEfa-^fl 
"H" T-^5(DT% la 2 5 {CTT-riteife^t^lf 8 CO 
NAND>5^-hG9 80ai;^ (gJtft, ^^-PASSfl^ 

[0 18 5] <Q~2. 1^>f'^/P2>TGft^W: "H" 
40 /«^OT. ^<-RAS^t-^(Of->riJ^yW2 

/l^) ia2 4(C^i-feU>^^ 6 0-6 2<^, N^M 

OSFETQ70-Q72;5SOFF<^«g(c:. N^MO S 
FETQ7 3-Q7 5;&SON<j^Jgi:/^t?, DQl^yDQ 
<3>;i*P>COStji;^^7^^^;J5, NSJMOSFETQ7 3 

(C:t>te^$Jt5<0-C. DQl^VDQ<3>;5>P>(OS#ii;5iL 

T^-iJ^^s^ ^ y -k/uT w 4 0 - 4 3 ic-^x. ^ ^ 

JO (0 18 61 fat^. T^x h^-K1'tty<-BPTft*:ftS 
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"L" -C*>»3, NSMOSFETQ7 64^J:t5Q7 71^ 

^Jc:*Wai:/^0. tfl::^/<s/:7r 5 0-5 3li/N>r 
[0 18 71 <Q-3. ^^^Ji^3>^\:L^ ^<-RAS 

^ R D <0>- R D <3>»cS£;^ai $ 
to 1 8 8] ^^ii;^*5J:t/S!;tfmL-C^i!if^755jg#/^ 
3&^ofc4i^> S6^ttiLT--:$'/^:^RD<0>'-RD<3><?5'ii[ 

•^TtT, SS^aiL'7^-i5^/<XRD<0>-RD<3>(i, (^2 
5|C^-rffiiililK604Ay3NAND^'— hG 9 1 ^X. 
t;^Rte4 A:^ANDy- h G 9 2 lcggg^tlTi/^-50 

G9 3t^J:oTRfeLTm;/3$;h.S, ^^Off^^^iifi 
-^DS 1 il^^-tSo *ltKte4A:^ANDy-hG9 

10 18 91 :L<DXb\Z,^ ^i^t\m^(D^-"^^^m 

4A;^NAND'/~- hG9 1^3j:a!Ete4A;^;ANDy 
-hG9 2;6>e>. "H'' "L" a!tT/U;^LTV^ 

[01901 ^LT. iffiiiffi^DS mxoRy--hG 

R D<0>-R D<3><D«[(1S^ jiJ5^^<>^ W<3>(0 

RD<0>'-RD<3><OMfi-«f?t(7>T?, XORy-hG9 

[01911 *fc, ^»f^;&5je#/j^;d*ofcS^, fiiiiff 
#DS 1 <hDS2i:Jl-at/^V^O-e. NOR-Z-hG 

So 

[01921 t^oT. XORy-hG9 5COmy3*5J;C5 
FA I L{I-^j55^;^P>ix50Ry- hG9 6cOffl;^f± 

[0 19 31 S#i2^^:feJ:t/gg;^fflLT^lftf^;55 

So ^tX. Jgiift-§-DS l|lXORy-hG9 5jC:fe 
^'^TSBI^fS, ■f/jt*:>*>§#ji;^^/<>^w<3>(0M^tt:e^$ 
ffiiifi^D S 1 iStii;^f/<;^W<3>cDfl;J5;f;~ 
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^> -r/c^^:»^^i(lf^;dSfi^fc#^. XOR-/-hG9 5 

[0 1 9 4] "i/t, g^S!)f^;55^§fc»^, ilgiSfs^DS 
l^DS2;0S*iC «L" (C/jrO. FA I Lfl^Jji "H" 

tt^i>. %r>x. mmmm^fz.m^. oRy-hG9 

10 19 5] OR</- hG9 Q(OmM> "H" IC/jT-S 

[0 19 6] gJ^ffiL'r-:5^/<:^^>)^;t(pjgS9 
Q<3>S:ai:TSiE^ttJl-- t;65X*. DQlf VDQ<3>;5> 

[0 19 7] <Q-4. f-><i?^yP4>^<-RASm^<D 
^5^/'^4{;I:>i5^^T7^;^ b^t- K^«IT (f^;^ h^- K 

•rsi^^f;!, T K^';^f&^evA<0>oete*Vcc-»- 
3 I Vthp I r KU;^ft#t':/A<2>(c 

CKCiSV^r. ^^-RASfI^3&5 "H" !&^e> "L" (C^ 

[0 19 81 7^:xh^^Kfflra4» (-f/^^^fe. f'^^J'yw 
2;Je^af1^><^/V3(7)^ralt^) lc|S«if^dset/i:;5^o^h 

i(? -TESTOUTfi^;05 t/^^><b. El2 5lC.i^'r 

it»fe*»fiFlilK 8 cOSfeA* AND^-hG99<^ttl 

4b\ GOODfi^flift»f^i)Jje#/j:;J.o/c»^{C«: 
l4^ll»fiFlalte8 60 5*?SfeA;^AND^- hG9 9^ 
[0 19 91 r^-c% r Ku;^ftf'evA<o>omffiii 

-/O VccH-3 I Vthp I i^Aiir/jroTt^Sco-C, GOODfl 
■§-^5 "H*' «!:>i^orNS!MOSFETQ7 8;5SiSig-f-5 

t:x~X^'T.F2lCii®a£;55^gtlTg^-fSo 
[0 2 0 01 K^-K«qrai'(c|^»lff;55)e# 

-TESTOUT«^;J5 «L- i:*oTt>. GOODfl 
■^11 "L" T'fc6« t*oT, N^MOS FETQ 7 8 *1 

[02 0 11 <R. A;/3^V7r(0«aiKjfc>-rT?, 
r Ku;^m#t:'>A<0>tc:«Vcc+3 I Vthp | Wicom 
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(21) 



T Ku^{t^e>A<0>fc(ir Ku;^,>-s,7z 9 l 

I0 2 0 2J *'rj!'/W4tC*J|,^TIi.<_-rE STOUT 
6<^f . S«EA;^,ORy- hG 1 0 7<7^ffl^i5 -H" t 

MOSFETQSamm-ti,, 
10 2 0 31 PS!MOSFETQ8 3;}5iga-j-5i p 
S M O S F E T Q 8 0 J: N si^, o s F E T Q 8 \ 

^>-A<0>»c:(iVcc + 3 I VlHP I «±<omtt&#;tfc» 
a-Cfc, P2!MOSFETQ8 0t!iOCNSMOSFE 

10204] /^*5. ■t^'^^^/^4£Jl^r•li.>t^TESTO 
UTfl^tt «H" TifeSOT-. rK^^ft^f^A<0> 
;i>6rKu;^tt^«,A;^Lfc^,^^,,,^ ^^^^^^ 

H i'iJoT. NS!MOSFETQ8 2;*S3Siib P 
ffiMOSFETQ80i3J:o=N2!MOSFETQ8 I ;*> 

1 0 2 0 5 J < S . i@«W|;£«,f^> jii j,<^ J- 5 J ^ 

10 2 0 61 02 8fcDRAMg^yrM2OO(OiBSim 

^ 9 3^».,lr Ku;.fE^f>A<0>t«gs^^^g^ 
«-«««-AM«rfl|;l, ®)ilEH-AM(0-Jg|lVec + 3 I V 

RAMf^yyM2 0 0 iO|SJ|i«-o?SK£(^,-; 

«i:i4DRAM^-;/7'M2 0 0O^<w.RASf;^ y<-C 
AStrv. ^<-OEI^>, /<-WEf>, fciVrKU 

10 2 0 71 8:lCDRAMf-}»yM2 0 0Oii!jf^Sr5^^ 

Z9k*.l>T, ^^^RAS{t#© "H" ;4^P> "l» 
^^fc«^**ro-c, -<-CAS<t^43J:oc,wwEfS^Sr 
H -L- fcffft^^., 7KU^fi^t^>A<0> 

^ffi^rVcc + 3|vrHP|W± (VrHPttPffiMO S F E 
Tc^Mfi) TKu^ii^e>A<3>rolSS, "H" 
ii-Srit?, /<-.RAS<t^;}S "H" "L" (C^ 

8<0ttl^-C*5READRESULTm#*S "H" 
f0 208lREADRESULTm^;45-H".C<i5 ,o 
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E2 5|r,T^f-Jtt4*S«»,$|5,gS8IC*JV.r, NSM 
OSFETQ7 9*5^ii-r5. * LT, t^-X^^p 

10 2 10] t:.-X«^F2;JS^»f^^ 

102 1 U^LT. loODRAM'^s,rM2 0 0»C 
^i-5(aWJ^^S*lT-^^t^ *.J^«?-5.0DRAMf^-^ 

RAM^^-^:^M2 0 0.rfta.U, ISl»OfiS-WJ6»fp* 

10 2 1 2] fc«L, iB»J«)t«f^»c»^-M^K,jo 

Sg-SSr-ifoS^T-, «S|^ttl0 0i®©DRAMf^y7- 
M2 0 0Sr<gS.m^-t-5ICIi5 OB-SSt^i, 

I02 13J <T. misi:am>&.±wtmLft^^ 

e> h^j;^.aiu^-^.^i h<^^^^,cfl|ialT 
fO 2 1 4 ] ifejaj^;, f-B*til8K.f^L/j:*.ofcS 

^Jt-;^ h ^mtlX\, VXD R AM5^ y ^;JJ|8!|(,f^U;5j. 

fo 2 I 5 J afe?iJx^ M»*lc««(*i/jt5D 

RAM^y7'M2OO7>S0f^ro7^;^ hy-^.;, Mcg^^ 
ixT*}%T, afeyUf'x h;jJ||ig$^T,/^5j,^^.oRAMf^ 
•>^M2 0 Otta«5t.-X3R^F2tt®»f**tTV><f 

So 

[0 2 1 6] r Ku;.m^.^>A<0>lcVcc+3 

7r9lOPl!MOSFETQ8 0*JJ:OCNSMOSF 
E T Q 8 1 fO^-*- hKfblK(C;»>*>5«ff;4J,J.$ < f^.^^^ 

10 2 17] <u. 3gie«>H2 6S:ffl^^-cKWLfc7^ 
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Gl 1 2-Cmi&^h.Z>^J±yh - -try h . 7 y.;, 7-70 

S'T't. NANOy- 1 1 3*Jj:t)«G 1 1 A-Qmj& 

9. /<-RASffi^O "H" ;>>e. "L" -(TSSCfklc^fe^ 
''«^'. ^"^~CAS(t^fcJ;0!/<-WEft^^ "H- ;»»f> 
"L" •''^'^iWCBRlbf^iJrtt^ci: 

[0 2 1 8] -r/ii^^, ia2 6JC;T^-r«S|ft®l)>EX^Il3 

10 2 1 91 ig3ojct3t>T. 7-^vmmmmc2 

tt. ^ G 1 3 0 ~G 1 3 4 *J iO^NANDy- 

hGi 3 5t::ioTfl}fie^i^^,fi^A;f3E]^§N^ i:, 

i'/^-^'G 1 4 0~G 1 4 4*5j;a«NANDy- hG 1 

4 5lc.l:<,Tfl|fi8$ti,5<i-^Ay3ElKN2t, 

^'G 1 5 0~G 1 5 4t5j;OCNANDy- hG 1 5 5t 

6 0~G1 6 4fcJ:VNAND4'-hGl 6 5KJ:oT 
«diiFn5ft-^A;^@teN4 ^V^<-4'G17 0~ 
Gl 74*5 J;0!N AND-/- |>G 1 7 5ICj:oT«fife$ 

*t6m#A;^lHlKN 5 t . {Bf-A;^|HIKN l ~n 5 ©ffi 

^*Sft«$*l5 5A;^NANDy- f-G 1 8 0 i, 
5A;^NANDy- KG 1 8 0Ota:^jS:K<Ei-5^>.,< 
-^'Gl 8 1 i:'feitLTt>5, 

I0 2 2oH&^A;^)lHigSNuc:*}iNrii, ^<-ras 

ft^Sr'CW<-^rG 1 3 0~G1 3 4Sr^hLTNAND 
'>'-hGl 3 5tCA;^Jl-5ttt»w. -1'V/^-^'Gl 3 
0«r^LT^<?-RAS«-g-SrS(iLTNANDy-hG 

13 5|CA;/JL.. NANDy-hGl 3 5«5Hl>iSr-f V 
^^-^G 1 3 4-PEteLTai;^f 5fllfi£i/io-CVx5, 

(022 1] fe^A;^|5]KN2(C*5^^Ttt, ^-S-CAS 
mi-f :^^<-9G 1 4 0~G 1 4 4 Sr:frLTNAND 
-/-hGl 4 5(CA;^f Sttfejc. 'CW<->G14 
0?r:fl-LTx<-CASfi^SrSteLrNANDy- hG 

14 5trA*L, NAND^'-hGl 4 50til;^Srf V 

10 2 2-2] ^i#A;^028N3^c*5^^TI4, ^-t-WEff 
*Sr-<W<>-^rGi 5 0~G1 5 4*:frLrNANDy < 

-hGi 5 5fcA;^-*-5ii:tij:, ^-w^-^oi 50 

SrifM.T-"!-WEm^Sr5«5LTNANDy'- hG 1 5 
5ICA;^L, NAND-y-hGl 5 5W^l;^Sr^>-/^•- 
ro 2 2 3] ft^AAIsI«N4^^:*5^^r^4, ^<-oe« 

■^^'^^^'-^Gl 6 0~G1 6 45rifl-LTNAND-/ 
-hGl 6 5lCA;>Jl-5i:ifc{C, -fW^-^^GlOO 
Sr^hLT^<-OEm^SrS<BLTNANDy-hG 1 6 
5ICA;')L. NANDy-KG16 5Wffl>iSr'<';^^<- 
^G16 4TKteUTai;^1-5«figi*orV>5. 5i 
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10 2 24J mf-A*iaKN5Ktev>T»±, DQfVD 

Q<3>lCA/3^tL5#^Sr-f >^<-i'G I 7 0~G 1 7 
4«r^M.TNANDy-hGl 7 5 ICA;^^-^, ^ 1 
Id, -fV/^-^Gl 7 0*r^LTDQf:^DQ<3>ICA 
:^$n5ff^SrS^LTNANDy-hGl 7SICA>i 
L. NAND-Z-hGl 7 5©£tl:^$r■1'>/<-^'Gl 7 
4-pRteLrai;^-f5«fiet/i:o-ci>S. /iti, H3 0 

|-^•fe^^o«fi^l^ov^Tl4xJ^ H*j»iai8Tc 1 tn 

^0 [0 2 2 5] ^oj:5/f«fifc(ciav,-cii, 133 ur^-f- 
.tJlcx-j-RASft^, ,<-CAS<t-^, ^<-WEfI 
^< ^<-OEft^. DQl^>DQ<3>JiA;^itl<5fS^ 
«rl^i*(c "H° *>e> «L" icsffk^-ars-if, M^Jx 

[0226] J: 5 *1ifiJcli-^-s - i jc J: 

-'^-RASft^, /<-CASfg^. /^-WE^tf-, ^N*- 
OEfa^, DQl^^DQ<3>lcA;^$tv5^t^;js^T:^ 

[0 2 2 7] 

(ISeqroSd*] ^»Mlc«5IS*JSl|S«OJ»i««cgE(t 
Sgeicih,«, x-^'(OA;^*3J:otffl;>j;jS3Kffl$tv5^ 

-;J'Aai;^«S^«riix5i|iiSfl£|BftgBlc*3i,N-c, »1# 
[0 2 2 8] :*:|g?giCfi55|f*il2|EigOil£3>«ffitt$5 

0 ~^^ait))s^imx^mf^m^^mi^ts\,^x. 

■ets. tit, x-^Affi;^«^«rfllx5*i»frlE»$| 

lIctetNTtt, OEff^A;^4g^*^f>A;^$*t50E« 

' 10 2 2 9] *aWlcff 3 ee«:>^^(4:gsi«is 
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